ABSTRACT: Long-term fertilization effects were evaluated including NPK, Ca and N applications at the lower altitudes. The studied localities are in the territory of Training Forest Enterprise in Kostelec nad Černými lesy, at an altitude of 300-500 m a.s.l., sites of beech-oak-fir types. Fertilizers were used in 1965-1967, the evaluation of soil condition was done in 1967 (before fertilization) and 2002. After 25-35 years, only low effects of fertilization are detectable in the humus forms and complex soil profile -surface humus accumulation, soil chemistry, as well as nutrient contents. Complex fertilization was reflected in higher site fertility in general, N-fertilization only in the progress of acidification. During the period 1967-2002, a strong general trend of acidification is obvious caused by both acid deposition and Norway spruce monoculture-based forestry.
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Temporary lack of timber in the last centuries and decades led to the study of opportunities for increasing timber production. The trends of solution to this economic problem were different: introduction of close-to-nature principles in some cases (restoration of degraded sites), introduction of exotic species, tree breeding technologies and forest land extension (reforestation of marginal agriculture lands). Among them, the increase of site fertility and production also played an important role -by improving the soil condition and nutrient supply. Other arguments for the fertilization use are nutrient losses by soil acidification and biomass removal and healthy status improvement of declining forest stands (PODRÁZSKÝ et al. 2003) .
Fertilization in forestry can be effectively used in different site conditions and at different forest stages: in forest nurseries, at reforestation, in plantations, at medium age of stands and also in older stands with the harvest perspective. In forest nurseries, it is conditio sine qua non for soil fertility conservation.
Fertilization of young plantations should accelerate their increase and improve vitality to shorten the time necessary for intensive care (weeding, fencing, re-planting), to reduce mortality at unfavourable sites (REMEŠ et al. 2004 ). In the medium and older age, it has production purposes: volume growth increase, assortment changes, and soil improvement for forest regeneration (BINKLEY 1986) . A lot of data is available for fertilization of young plantations, but in Czech conditions, the information on older stand treatments is missing.
Fertilization influences not only the growth of forest trees but also the soil condition and chemistry, then it affects the tree vitality and resistance to particular damage factors. On the other hand, frequent changes in forest policy led to abandonment of many research plots, established in the past. In the territory of the Training Forest Enterprise in Kostelec nad Černými lesy research plots with fertilization testing were also established in [1965] [1966] [1967] . The aim of the study was to quantify increment ef-fects of particular fertilization methods in maturing spruce stands at different sites. The plots were not studied between the years 1967 and 2002. The aim of the present study is to document research results on one re-constructed plot set in this area: effects of fertilization on the forest soil in 1967-2002 and soil changes on the control plot in this period.
MATERIAL AND METHODS
Several systems of permanent research plots (PRP) were established in the territory of Training Forest Enterprise Kostelec nad Černými lesy. This area is located 25-50 km SE of Prague. The climate is moderately warm and arid, mean annual temperature is 7.6°C, average annual precipitation is 655 mm (Ondřejov Station). The soils are of Luvisol type, the established research plots are especially at the firbeech sites. The set of three studied plot is in Jevany District in the stand 442D11, at the altitude 400 m a.s.l., on a very moderate SE slope, in the forest type Luzulo-Quercetum luzuletosum pilosae, in modern classification 3S1 (fresh oak-beech site). The soil is sand-loamy, on perm-carbonian sediments, the locality is called Aldašín (the name of the village extinct in Thirty Years' War).
The plots were established in the period 1965-1967, in total 39 plots, 0.20-0.25 ha each, the position and dendrometric parameters were determined for individual trees. Three basic variants were defined: -control one, without fertilizer application, -full fertilization, NPKCa, -nitrogen application, N.
NPKCa: commercial fertilizer, 150-200 kg of pure N/ha, 50-100 kg pure P/ha, 100 kg pure K/ha, 100-400 kg pure Ca/ha. N: 180-200 kg pure N/ha in the ammonium nitrate form. All applications were done manually to ensure even fertilizer distribution. The experiment was stopped in 1970, renewed in 2002. Only a part of plots was conserved.
Sampling of holorganic layers was done using a steel frame 25 × 25 cm in 4 replications, particular horizons were sampled separately. Moreover, the topmost mineral horizon was sampled too -not quantitatively (GREEN et al. 1993) . Bulk samples were formed directly in the field by particular horizons, analyses were performed by standard pedochemical methods at Opočno Research Station -fa Tomáš -laboratory. There characteristics were determined: amount of DM in holorganic horizons, their content of total nutrients (N, P, K, Ca, Mg -mineralization by sulphuric acid and selenium, AAS), content of plant available nutrients in the 1% citric acid solution, pH (H 2 O, 1 N KCl), soil adsorption complex characteristics according to Kappen (S -base content, H -hydrolytic acidity, T -cation exchange capacity, V -base saturation), exchangeable acidity, total humus content and total nitrogen content according to Kjeldahl. Number 4 of replications is on the significance limit (PODRÁZSKÝ 1993) .
Mineral horizons were sampled using the soil borer, by particular pedogenetic horizons, comparable with 1967 sampling layers. On the first sampling date, only a limited set of characteristics was determined, so the comparison possibilities are restricted. 
RESULTS
Tables 1 to 4 document the experimental results. Changes in the surface humus amount showed a possible decrease on the plot with full fertilization and an increased amount in the N-variant (Table 1) . This could indicate the more rapid organic matter cycling on the former plot (liming effect, high nutri- ent -P, Ca -content) and acidification effect in the nitrogen variant. In the N-variant, higher contents of total N were documented as well as the decrease in total K, Ca, Mg contents. P-content was slightly increased in both fertilized variants. Soil pH determined in H 2 O was highly variable, without visible trends in the holorganic horizons. In the mineral horizons, the values were slightly higher in both fertilized variants. With the exception of the uppermost holorganic layer (L + F 1 ), the values were comparable on the control and fully fertilized plot, being lower on the nitrogen fertilized plot, in the humus horizons again. The content of exchangeable bases was comparable on all plots, both types of fertilization increased the hydrolytical acidity. As a consequence, the cation exchange capacity increased on fertilized plots with the exception of the uppermost horizons. Base saturation was also influenced by fertilization -the variant with complex fertilization showed lower values in the mineral horizons compared to control, the nitrogen-fertilized variant in the whole profile. So the complex fertilization showed minimum effects on the basic soil chemistry, the nitrogen fertilization was reflected in the trend of lowering of the pH and base contents, the acidification effect is obvious.
The values of exchangeable acidity were lowered by the complex fertilization compared to the control plot, N-fertilization contributed a general increase of this parameter. This was caused especially by the increase in the exchangeable Al content and this is another evidence for the acidification effects of the nitrogen application. The P-content was increased in the complex variant and decreased by the N-fertilization again. This was caused probably by the dilution effect (BINKLEY 1986) in the increased biomass of the forest stand. The available potassium content, in the holorganic horizons also the calcium content, shows a similar tendency. Plant available magnesium contents increased in mineral horizons in both fertilized variants, in the holorganic ones its tendency differed: an increase on NPKCa-plot and a general decrease on the N-plot. The changes in the plant available iron content also show the acidification effects of nitrogen fertilization.
Large differences were demonstrated by the results of analyses between the years 1967 and 2002, despite the restricted set of performed analyses. The pH (H 2 O) values were slightly higher in 2002 and comparable in the B 3 layer compared with the 60s, in other horizons a general decrease by 0.2-0.4 pH units was observed, which is over the analytical error. Moreover, the pH determined in KCl demonstrated a general marked decrease by 0.4-0.8 pH units, enabling to consider the important soil acidification in the last 4 decades.
The contents of plant available nutrients did not show such simple trends. The P-content increased in general, the K-content shows the tendencies of movement into the uppermost (biological mobilization) and the lowest (leaching) horizons. The divalent bases also migrate into the surface and underground horizons, the translocation by uptake and leaching being very probable. This trend is also confirmed by the iron contents, lowered in the upper and increased in middle and lower horizons. We can evaluate the general tendency as acidification with considerable nutrient (base) losses in the near future.
CONCLUSIONS
The object of the studies was a unique set of established research plots to investigate fertiliza- -Even after 35 years, the effects of fertilization are obvious although the soil changes are not profound; -In the surface humus accumulation, no clear tendencies were visible, the total nutrient content was affected by their artificial input (complex variant), N-fertilization led to a decrease in the base content; -In the basic soil chemistry parameters, the effect of nutrient supply including bases in the complex variant and the acidification effect of nitrogen fertilization were obvious; -Acidification took place in the 1960-2002 period.
In the studied stands, besides the acid deposition and fertilization effects there is a very high probability of acidification effects of the Norway spruce monocultures and of the limitation of the root systems only to the uppermost soil (especially holorganic) horizons. One of the most important conclusions is that fertilization with higher N-amount can endanger the soil condition and stand stability and increase the soil acidification and considerable soil acidification took place also at medium and lower altitudes.
ve zvýšení hydrolytické acidity a snížení nasycení bázemi na hnojených variantách. Komplexní hnojení se odrazilo ve zvýšení půdní úrodnosti, zatímco aplikace dusíkatého hnojení se projevila acidifikací půd, což se odrazilo ve zvýšení hodnot výměnného hliníku (tab. 1-3).
V období 1967-2002 byl doložen silný obecný trend acidifikace způsobený kyselou depozicí a kul-
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Prof. Ing. VILÉM V. PODRÁZSKÝ, CSc., Česká zemědělská univerzita v Praze, Fakulta lesnická a environmentální, 165 21 Praha 6-Suchdol, Česká republika tel.: + 420 224 383 403, fax: + 420 220 923 132, e-mail: podrazsky@fle.czu.cz tivací smrkových monokultur s kyselým opadem (hodnoty aktivní půdní reakce poklesly o 0,2-0,4, půdní reakce výměnné o 0,4-0,8, tab. 4). Vzhledem k této tendenci a získaným výsledkům je možné očekávat ztráty bazických živin na stanovišti a jejich vyplavování do hlubších horizontů, což může ovlivnit pěstované kultury vzhledem k rozložení kořenů především v povrchových vrstvách.
